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LANGLEY lZ13EWFLI(?rHT-TUNNEL -TIGATIOI? OF TEE AUTOMATIC

IAT!EML STABIXITY CHARACTERISTICS OF A MODEL EC$.JIPPED

WITH A G~O ST!KBEIZIJ!WUNIT THAT lTKWIJ)EDETTHER

mcm-m OR

By Robert

HUNTING CONTROL

O. Schade

h investigation was undertaken in the Langley free-flight tumnel t,a
detemnine the autcmatic lateral stability characteristics of a model
equipped with a ~o stabilizing unit that gave response to lm.nkand yaw.
Fli t tests of the model were made with a flicke~-type (full-on or full-

!?off control systm and with this system modified by the addition of an
attachment that produced a hunthg control which resulted in en effectively
proportional.res~cmse to bank and yaw. The effects of varying the cant
angle and rudder deflecticms,were investigated. The tilt angle of the
gyroscope was held constant for an tests.

Stable flights were obtained with tie flicker-t~e automatic control,
and the amplitude of the oscillations was decreased by adding the attach-
ment wkich provided hinting control. Varying the cant angle between 22 .~”
and 90° had no pronounced effect on the stability except near 90° where
the flight characteristics became poor. There was no pronomced effect
on the stability by reductng the rudder deflection from t7° h OO.

..-—

Ccxuperisonof ccuputed and measured rolling motions obtained with flicker ,.“
automatIc control showed good agreement.

W connection with this tivestigation a systematic calibration was
made of the gyro unit to detemnlne its response to engles of yaw and bank
for verious angles of cant end tilt, end fozmmlas were developed for cal-
culating the response of the gyroscope. The experWentel and calculated
results were fomd to be in good agreement.

-+

INTROWCTION

k investigation to detezmine the au-tic Mteral s~bflity ch=ac-
teristics of a=del equipped with a gyro stabilizing
response to yaw end Wnk has been made in the Langley

unit that gave
free-flight tunnel. “-
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Fli t tests of the model were made with a flicker-type (full-on or full-
?off control system and with tihi.ssystem mcdifipd by the addition of an

attachinentthat produced hunting control which resulted in an effectively
proportional response to bank and yaw. The tilt angle of the gyroscope
was held constant for all tests, and the effect of varying the response
to yaw mdbmkms studledby changing the can? angle. The effect of
varying the rudder deflecticm was also investigated. Correlation of
calculated and experimental rolling mottms w~” made for:tie model with
flicker autcmatlc control only.

Presented in an appendix are the results of a systematic calibration
made on the gyro unit to determine its response to angles of yaw and bank
for various angles of cant and tilt and formulas that were developed for
calculating the response of the gyroscope. A comparison is made between
the experimental and calculated response- An eXample illustrating the use
of some of the formulas is also shown.

T
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m’mns

angle oflmnk, degrees .—

angle of sideslipj degrees .

angle of yaw, degrees

cant angle (angle between inner and outer gwals} positive
“direction shown in fig. 1), degrees

tilt angle (angle between outer gimbal and line_of flight,
positive direction shown in fig. l~j degrees

response or rotation of pick-off (rot~tlon of outer ginibal
about roll axis with respect to case, positive rotation
is counterclockwise as viewed from rear), degrees

transition angle, (angle to which pick-off drum_Is moved by
reversing attachment; or the eagle of pick-off contact
below which.h~ti~ control occur$ and above which the
control becomes held full on), degrees “

aileron deflection, degrees

rudder deflection, degrees

rate of change of yawing-mommt coefficient wit-haggle of

()

acn
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sldeslip, per degree
5j--

(-j ,, :. “
-...~a

,.

. ..

-.+—

b-
—

.—

—.

—

.

..—:

.

..—

—

..:
—

,.. . =

w–

,.

b

-.



NACA RM NO ● 18K04 3

c2P rate of chenge of rolling-mmuent coefficient with angle of

ac~
sideslfp, per degree

()T

8-

%p rate of change of Literal-force coefficient with engle of

sidesllp, per degree
()
*
F

t time, seconds

III mass

P mass density of air, slugs per cubic foot

s wing area, square feet

‘b span, feet

APPARATUS AND MIkI!EoDs

Tunnel and.Mo~el

The tivestigation was conducted in the Langley free-flight tumnel,
which is designed for the flight-testing of unrestrained, dynamic models.
A cmnplete description of the tunnel and its operation is presented in
reference 1. A photograph of the test model flying in the tunnel is pre- -
sented in figure 2.

The model used in the tests was approximately a ~-scale model of ●
,

the Navy Design No. 13ADR (Gargoyle) pilotless aircraft except that the
airfoil sectim of the model was .amodified Rhode St. Genese 35 which is
an alrfoil that gives a value of maxhnum lift at low scale nearly equal
to that of a full-scale airplane. The mass characteristics of the model,
however, were not scaled.down frcm the Gargoyle inasmuch as the low air-
speed of the tunnel lWted the wing loading of the model to a relatively
low value. The aerodynamic and mass characteristics are presented in
table I for the full-scale aircraft that is represented by the model.
Photographs of the model sre presented in figure 3 and a sketch of the
model is shown h figure 4.

Gyro Unit

The groscope used in the investigation had two degrees of gimbal
freedcm, one about the X-axis end one about the Y-axis. An effective

-.

third degree of gimbal freedan about the Z-axis was achieved by a
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ccnnbinationof movements about the X- and Y-axbs so that the attitude of
the spin SXLS of the gyroscope could remain f~ed.in space. me gyro
motor had a ooumterclockwise rotation, looking down from the top at 0°
tilt and 90° cant, and a constant speed of 10,000 r~. “

.—

A cut-away drawing sho@ng the de@.ils of,the ~ro unit is presented
in fi me 5. The reversing attachment use,dfor hunting control and the

?pilot s override solenoid mechanism are shown mounted at.the rear of the
case. A portion of a“gear ~ttiched to the tiside gtibal was used to”cage
the gyroscope at predetemnined cant angles. me pick-off drum and pick-
off contact shown in figure 5 are attached to the case and outside gimbal,
respectively.

By a slight variation of the mechanical attac@nts of the gyro
pilot, autcmwtic .flicker-type and hunting con~ol were otytained. For the ‘
discussion of the two types of automatic contr@s it is asswned that the.
~o is set at a cant angle of %)0 and a tilt angle of 0° which gives
response only to sngle of bank. The response of the co@rols to pick-off
contact rotatim is tie same whether the pick-off rotation is obtained
from angles of yaw or bank. ‘ —

The pflotis override contro~ is obtainedby energizing the override
solenoid (fig. 5) which in turn fiotatesthe pick-off drum to give correc-
tive control. If the autanatic control proved to be destabilizing or the
model was drifting tito a tunnel.wall the pilot was able .tooverride it
and prevent a crash.

-.

Flicker-@ I% control.- For the flicker control, the reversing attach-
ment (fig. 5, item 2) is removed and the operaijlonis as follows: If a _
disturbance fn bank to the right is as~umed, the pick-off drum (fig. 5,
item 5) rotates to the right since it is attached to the gyro case and
therefore to the model. The attitude of the pick-off contact (fig. 5,
item 7) tends to remain fixed in space since it is mounted on the outside
gimbal. Thus there is a relative movement of the pick-off contact on the
pick-off drutnthat closes an electrical circuit (fig. 5,”’item8) through
the left segment of the pick-off drum to orteside of the-control actuatdng
mechanism (fig. 5, item 3) which moves the left controls to full deflec-
tion to return the model to zero bank. This tyye of control will remain
full on until zero bank is obtained, causing the model tc,overshoot its
,zeroposition. Wi@I zero the lag the process yin be repeated but in
the opposite direction as soon as the model passes zero b-&ik.

HuntinR-type control.- For the hunting control the reversing attach-
ment is connected to the control actuattig mechanism as shown in figure 5.
The screws for varying the transition angle G are showq on tie reversing
attachment.

The operation of this tyw of control is ap follows~. If.the angle
of bank is assumed to be to the right, there is a relative movement of the
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pick-off contact b the left on the pick-off hum. This cldses an
electrical circuit from the left seguent of the pick-off’drum to one side
of the control actuattig mechanism. When this mechanism is energized the
left contro~ operate to return the model to zero bat& and the reversing
attachment rotates the pick-off drum to the left to its preset tm.nsition
angle. For the case where the transition angle is larger than the angle
of bank, the pick-off contact will now be on the right side of the pick-
off drum, causing the electrical cfrcuit to operate the oyposite side of
the control actuating mechanisms thereby changhg the controls frcm left
to right and the pick-off drum from left to right. This reversing of the
controls will cause a hwting motion that continues as long as the tran-
sition angle is larger th=, the angle of bank. This hunting control is
effectively proportional since averaging the control motions will produce
a resultant control-position curve that is appro=telj proportional
to engle of bank. For the case where the transition angle is less than
the angle of bank, the pick-off contact is still on the left side of the
pick-off drum when the pick-off drum Is rotatedby the reversing attach-
ment and will not make contact on the opposite or right segment until
the angle of bank decreases to less than the tmmsiticm angle. This
system therefore gives effectively flicker control when tihsangle of
bank or pick-off contact rotation is greater than the transition angle
and proportional control when-the amgle of bank or pick-off contact
rotation is less than the transition angle.

Forced-oscillation tests.- Results of forcsd-oscillation calibra-
tions made on an oscillating table .%0detemnine the automatic control
clmracteristics are shown in figures 6 to 8. The right ail-ron contiol
positions were read ly means of a control-yosition recorder while the
model was banked at 2.75 cycles per second. These oscillat%-bble
tests dld not necessarily simulate any specific flight condition but
were made h show the response of the gyroscope in terms of control
position with angle of bank for each of the two types of automatic
control. For these tests the maxtium aileron deflection was A25°.

Calculations
.

Calculations were made by a simple graphical method similar to that
shown in figure 1 of reference 2 to determine the rolling motion of the
model with a flicker-type autcmatlc pilot assuming no yaw caused by
ailerons or rolling and a the lag of 0.03 second. The calculated results
were correlated with those obtained from flight tests.

Some calculations were attempted for the hunting control using
variations of the method of reference 2 but the results did not appear
to be reliable and the development of the new method for making these
calculations was considered beyond the scope of this investigation.

.

●
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Flight tests were made with both fllc:ker@nd hunt- control. The
effects of varying cent angle and rudder clefle.cticq.werg studied in the _
flights with hunting control. The values of t@e dlffer~t parameters
varied in the course of the tests are given in table II. All flight
tests were made at a li.ft coefficient of approximately 0.95 which corre-
sponded to an angle of attack of 13.5° and to .atilt sngle,of -13.5°
stice the longitudinal axis of the gyroscope #as mounted-perallel to
the langftudinal axis of the ai??plSnO. In the @sts where the ailerons
and rudders were used for latersl ccmtrol they were linked together
electrically so that their operation was simultaneous. ,,Motion-picture
records of the lateral motions of the model were made for each of the
conditions.

RESULTS AND DISCUSSION

Results of forced-oscillation tests are shown h figures 6 to 8.
Figure 6 shows that the flicker control had a lhg (time between signal
and maxhm.m control deflection) of appoxhnately 0.03 second. The jagged
portim of the aileron-control-positioncurve as maximum deflection was
first reached was caused by the rebounding of me controls off the stop.
Figures 7 and 8 illustrate two variations of .t$ehunting control obtatied
by varying the transition angle. The frequency of the controls c= be
seen to be approximately I-6 cycles wr se~’ondfor the c.wt~uous h~t~g
control (fQ. 7) but is of course equal to the frequency of the rolling
motion for tie flicker-type control (fig. 6).

Records of flight tests sre presented in figures 9 to 13 as plots
of displacement of the model in”bank and yaw against time. The flight
records are not completely steady even in the most sta%le cmxlitions
because the model in flight is subjected to a continual series of dis-
turbances caused by *he relatively gusty air in the tumnel. Notatim of
manual-ontrol operation during tests is shown in the flight-test figures.

It can he seen from the flight recor&s that for moSt flights the
model was out of trim to the right (+) in bank end to the left (-) in
yaw and was therefore flying in a steady sideslip. Zt is believed that
the results of the flight tests with regard to automatic stability were
not appreciably affec~d by this asymmetry.

Effect of Type of Control —

Records of flights in which the type of control was varied are
presented in figure 9. It can be seen &at stable flights were possible
with all types of au-tic with flicker control, which

-.
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has a constant amplitude oscillation, the model banked considera?)lymore -
then with hunt% COII+3?01 ● The increased steadiness of the model with
hunting control was caused by the offectively proportional response at
angles of bank and yaw less than the transitim angle which reduced the
average control deflection as the angle of bank was reduced and therefore
mirdmized the overshooting. Varying the hunting control by changing the
transition angle fran 100 to 5° (which therefore causes the flicker con-
trol to operate at smaller angles of pick-off rotation) appeared to cause
a slight ticrease in frequency and decrease in emplitude of the oscilla-
tions ●

Although in these low-speed flights the flicker-type control appeared
to be satisfactory, in full-scale tests where the airspeed is considerably
higher, the shorter periods combined with the lag will cause the phase
lag to be more critical and Ws type of control might have characteristics
that prohibit its use.

Effect of CantAngle

The effect of varying the cant angle on the flight characteristics
of the model is shown in figure 10. Tbe variation of the cant engle
from 45° t-c22.5° had no prcmounced effect cm the emplitude or frequency
of the oscillations in flight; but when the cant angle was increased

● froIu45° to 90°, yoo~ flight characteristics were noted. ~ this 900 cant
conditim with -13.5 tilt the model yawed and banked excessively because
of reversed response to yaw, and frequent manual override contiol was

. reqtired to prevent the model from crashing. The rather low value
of c~ for this model, as shown in table I, probably aggravated this

condit!on in that the model had no strong tendency to weathercock. The
reversed response obki.ned frcxuthe gyroscope with a cent angle of 90°
is shown by a relationship in the appendix under the discussion of
formula (1). This relationship shows that for positive response the tilt
angle must be between &30° and tie cant angle must be greater thsn zero
amd less thsn (90° + tilt). ~ this condition where the cent engle is 90°
and the tilt angle is -13.5° the requirements for positive response will
not be met, since the cant angle will not be less than (90° + tilt).
Either decreasing the cant angle from 90° or ticreasing the tilt angle
in tie positive direction would tend to eliminate this reversal effect.
No flights were attempted below a cant angle of 22.5° since a gust or
elevator movement result~ in a chenge in angle of attack in the positive
directicm would be lfkel.yto cause the cant engle to approach zero and
,resultin the gyroscope trebling.

Effect of Rudder Operation

.—

The effect of rudder operation on the flight characteristics of the
model is shown in figure 11. A rudder deflection of t7° was used in most
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of the tests. This deflection WaEIfound frcm ~wllly controlled flights
to be the value which ti3mized the adverso yawing caused by ailerons and
rolling velocity. With the rudder inoperativ8~ there was a slight increase
h the amplitude of the oscillations which .yas.probablycausedhy the
adverse yawing moments. ..

Effect of Control Neutralizing Springs .

Flight-tmst records showing the effect enroll. stabilization of
removing the control qeutraliz~ sprtigs used on the control actuating
mechanism (fig. 9, item 3) are presented fi~fi@re X2. me results chow””
that there wau nonoticeable difference In fll.ghtcharacteristics when
the control neutralizing spr.~swere removed. :

Caparison of Calculated and Experimental Results

A comparison of the rollingmotione =Ld those obbined from flight
records of the model with flicker autcmatic control are presented in
figure 13. The agreement iq consi@red good slhce the calculated results
indicate an amplitude of 14.0° and a geriod of 0.30 second compared to
an average measured amplitude of 13.2 and a pe’riodof 0.33 second.

#

CONCLUSIONS

The following conclusions were drawn from an investigation in the
Langley free-flight tunnel of the automatic latpral stability character-
istics of a model equipped with a gyro stabiliz%g unit that gave response
to bank and yaw:

1. Stable flights were obtained with a flicker-typeautomatic control,
which gave constant amplitude oscillations. .-

-.

2. The amplitude of the oscillations was @creased ?Jjadding an
attachment which provi.ded”ahunting control.that @ve effectively propor-.
tional response when the pick-off rotation was less ~.the @ansitfon
angle and flicker control when the pick-off ro~tionwas~ea~r than the
transition angl-e.

—-.

3. Varying the cant angle between 22.7° and %)0 had no pronounced
effect on the stability except near 90° where reversed re.qponeeto angles
of yaw caused poor flight chuacteristics. -.

4. There was no pronounced effect on the s~bility of reducing
rudder deflection from A7° to OO. -, —

—
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5. Cmparison of computed and measured rolling motions obtained with
flicker aut-&atic control-showed -

Langley Aeronautical Laboratory
National Adviso~ Committee

Langley Field, Va.

good agreement.

for Aeronautics

i.
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GYRO RISPONSE TO

ANGLES

: —
flPPENDIx . .

YAW AND RANK FOR VARIOUS d

OF CANT AND TILT

INTROIXICTION
—.

—

In connection with the investfgati~ conducted in the Langley free-
flight tunnel on a model equipped with a gyro wit to giye au~tfc
lateral stability, a systematic calibration was made of the ~oscope
in which its response to angles of yaw and bank with various angles of
cent and tilt was detemnined. Formulae were also develo~ed fmm which
the response of the gyroscope could be dete-ed. These results are of

general interest in connection with aircraft having ~o stabilization and
should be useful In determining the autcmatic stability of gkided missiles
which, during a single flight, have large variations in flight path or
angle of attack which result in large changes @ cant o: tilt angle.

—
—

—
—

—

The fomnil.as
discussed herein.

and their correlaticm with the gyro calibration are —
—

.

ANALYSIS“ —

-,

witi the assumption that this gyroscope, l~e a free @oscoWj
tends to remain fixed in space, a set of ge~e@ic fo~~as wae derived)
using equation (16) of reference 3, for calculating the resyonse of the
gyroscope to yaw for vmiom. =gles of c~t ~d tilt” We solution ‘f ... .:.
these fomaulas &ve the angle between two planes or the pick-off rota-
tion T required to keep the spin axis fixed @ space for V’6J?1OUS
changes in cant, tilt, bank, end yaw angles. we relationships used in
the derivation of tie yaw fo~~a (fo~fla (1)) me presented ~ fi~e 14*
The plane AE!Cwas detemnined for the forward yortion of the gyroscope by
assuming some cant angle and tilt angle which in turn located the gyro
spin axis, line JIB,and the axis of pick-off rotation, line AC. It was

-.

then assuinedthat plane ABC was rotated through some angle about tie
Z-axis to plane ABIC1 simulating a change in ~gle of yaw. In order
that the now displaced gyro spin axis AB1 can return to its original
position line AB (which is necessary to keep tie ~ro spin axis”fried
in space) the plane AB’Ct will have to rotate about the Axis of pick- =
off rotation to plane AB “Cf, and the cant angle will have to increase,
causing line AB1 1 to coincide with line AI? (or}gtial ~ro spin axis).
The pick-off rotaticm, or angle between the t~ planes ABIC!land ABtiCt,
is obtained from a fozmtia in reference 3. In, actual o~ration, the

.

—
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gyro spin axis, of course, rematis fixed h space.and the lines AB 1
and AB” which show a movement of the gyro spti axis are used only for
illustiatLve purposes and will not actually exist.

The following formula gives the response of the gyroscope to angle
of yaw for cliffer&t angles-of tilt anilcent:

where

A COS V,+B

wD sin% + E COS% + F cos $ + G)H

A= sin Tcos Tsin (C-
B= sin T cos T sin (C -
D = COS2T
E= COS2T Sti2(C - T)

t

T) COS ~ - T) + sin2TCOS2 (C - T)
T) COS C - @ + COS2T Sinz(c - T)

F= 2 s-b T CQE T Sti (C - T) COS (C.- T)
G= sinZT COSZ(C
H =E+F+G

,
The response 7

when -900 <T<~0

- T)

is positive for positive engles
end when 0< C<900+T=

(1)

of bank and yaw

For the case where tilt angle is held constaut at 0° and cant engle
is veried between 0° end 90°, formula (1) can be simplified to

within
response is

the above-mentioned conditions of
positive.

(2)

cant and tilt angles the

For the case In which the cant eruzleis held constant at 90° and the
tilt ‘&gle is veried between O0.~ ~o–the following simple approximate
relationship, which is wititi about *l” accuracy uP to ~“ Yawj cm Be
used

The
and tilt

.

formula for tie
angle vsriation

r

T =~sin T (3)

response of the ~ro to angles of bank with cant
is: *

1

L
Acos~+B

T *coS-l (4)=

w D Si112~ + E COB2~ + F COS ~ + G~ ●

-J



X2

where ... . .

A = sin (T - 900) COB (T - 900)”sin EC - .“(T- .90°)]-COS [ C “- (T - 900)]

+ sti2(T - 9°) COS2~- (T - 900]
B = s~ (T - ~“) COS (T - 90°) Sill EC.-.“(T‘ “x”~ COS [C - (T - W“fl

+ co#(T - 90°) Si112[C - (T - x~
*

D=
E=
F=
G=
H=

The
when 0°

COS2(T - !IO”)
COS2(T - 90°) sln2~C - (T -“500)]

— ..

2 sin (T - 90°) cos (T - 90°) sin [C .- (T - 5Q0)j cos [c - (T - 90°fl
Sinp(T - 900) COS2 [C - (T - 90°~
E+F+G

response T is positive for positive angles of bsmk end yaw
<T<~O and when T< C<180C. Positive response may also

be obtained when -~0 <T<@ j-f OO<C <BOO-TO

The fomnula for the respcmse to bank with tie cant angle at 90° end a
tilt angle verl-ationfrom -90° to 90° is: j

T= (ices T (5)

The respmme is positive for these ccmditions of cent and tilt angles.

In the case where the tilt angle is held constant at 0° there is no
,

change h response to bank over a range of cant angles f- 0° to 50° and
this simple relatimship holds:

~=~ (d

APPARATUS AND METHCIS

For the calibration, the gyro nit wss mo~~d In such a ~er Mat
it could be banked and yawed independently. The calibration was made by
settfna the tilt an@e at 0° and determining the response of the gyroscope
to
at

or
in

ba& or yaw for %rioue cant angles and.th% by sett@g the cant angle
90° ~d dete-~ the response for vsrio~ tilt an@es.

The calibration ticluded tests to dete-e variations in response
pick-off rotation over a range of cant angles fram 1-1.25°to 90°
11.25° increments. T!hisparticulecrvariation was used since the cant-

angle s~tting was achieved by a gear.which had I-6 teeth in 90°. (See

●
fig. 5.) No calibration was made at a carete.@e of O“ ‘stnce this is an
unstable positi.onfor the gyroscope in which tuniblingexists and incon-
sistent results were obtahed. !I!ilt-ang16variation was from 0° to 90°
in IO” increments. Both the angle of benk and,yaw were varied from Oo to 500

in 10° ‘incrementsfor each @e of tilt cm cant. The Qick-off rotation
.

—

t
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—
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was read visually by means of a pointer mounted on the forward portion of
the outer gtibal and a quadrant mounted on
of the -o case.
point to minimize

A comparison

The gyroacoge wae caged
the effect of precession

RESULTS

between the experimental

the hside of the fo%ard end
momentarily before reading each
on the validity of the restits.

and calculated response of the
ggroscope is presented in figures 15 to 19 ● These results sh-w the remonse

of the gyro to lank and yaw ~or vericms angles of cant and tilt and show
that the agreement between experimental and calculated values was very good.

It can be seen that the ~roscope became more sensitive~to yaw as the
cant angle was decreased (fig. 15) and as the tilt angle was increased
(fig. 16). The results in these fi

G
es also show that the response of the

~oscope to yaw vsxied as formula 2 indfcates for various cant angles
and as fommla (3) tndicates for various tilt angles. The data of figure 17
show that the response varied linearly with angle of bank over the range
of cant angles snd figure 18 shows that the gyroscope became more sensitive
to bank as the tilt angle was decreased. The results of these figures
also show that the response of the gyroscope to bank was constant with
cant-engl.evariation as shown by fomnula (6) and.varied as fomnula (5)
indicates for various tilt angles.

●

.

Resented ti figure 1.9are same representative curves showing the
comparison between calculated end exper~ntal results when the cant end
tilt angles were varied simultaneously. The results indicate that the
response of the gyroscope to yaw varied as fomm.il.a(1) and the respmse
of the gyroscope to bank as formula (4).

To illustrate

APPLICATION OF M!HJLTS

the use of formulas (1) and (4) consider, for exemple,
a guided missile which is approaching a target with a glide~path angle -
of 30° and an angle of attack of 30 with the cant and tilt angles set
at Xo and 800, respectively. Assming angles of yaw and bank of 10°,
the response obtained from angle of yaw (formula (1)) is 9.8° and from
the angle of bank (formula (4)) is 1.60.

If during flight the glide-yath angle of the missile changes to 10°
with a resultant ticrease in angle of attack to 8°, there till be changes
in cant and tilt angles. This change of 20° in glide-path angle and 5°
h angle of attack causes the cant angle to become 65° and the tilt
angle 75°. The response $rom the angle of yaw is now 10.90 for formula (1)
and from the angle of bank is -1.80 for formula (4) for the same angle of
yaw and bank. The reversal of response to bank in the final condition
would probably cause unstable automatic control.
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MASS AND AERODYNAMIC CHARACTERISTICS OF F’UIL-SCALEMISSILE

REPRESENTED BY ~-SC~ MODIKGTESTED IN IANGLEY FREE-FLIG3T TUNNEL

WeightjW, l%....... . . . . . . . . . . . . .. .
Wingarea S, ft2 . . . . . . . ‘.. .. . . . . . . . . . .
Wing loading W/S, lb/ft2 . . . . . . . . . . . . . . . .
Relative density factor w, m/pSb . . .. o..... . .
Radius ofgyration inroll., ft . . . . . . . . . . . . .
Radius ofgyrationtiyaw, ft . . . . . . . . . . . . .

lDirectional-stability parsmetir C% . . . . . . . . . *
r

lEffective-dihedral psrsmeter Cap . = . . . . . . . . .
lLateral-force parameter CYB o...... . . . . . .

2Demptig inroll ~..... . . . . . . . . . . . . .

‘RollWg moments caused by full control deflection 5aLba

%rom force teats of the model.

21J6edin calculation of rolling motion of model.

● ✎ ✎

● ✎ ✎

✎ ✎ ✎

✎ ✎ ✎

✎☛✎

.*O

● ✎ ✎

. . .

. . .

..0

. .

224.5
18.07
12.43
19.10
1.09

2.668

0.00075

-0.0020

-o.0C!$2

0.0779
1.89

-
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Figure4.- Three-view sketch of nmdel used In the Langley free-flight-
tunnel investigation.
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